The relationship between environmental factors and plant communities identified using multivariate numerical analyses were investigated in the highlands of southern Ethiopia. Vegetation data were obtained from relevés placed in belt transects along altitudinal gradients on the mountain slopes following the Arbaminch-Chancha road. The relevés were placed in the two transects which ran for about 30 km from 1180 m to 2250 m along the slope representing a 25 m vertical distance between each relevés. The relationship among plant communities and environmental factors were established using one way Analysis of Variance (ANOVA). Community transition and species diversity are affected, inter alia, by environmental f actors including soil properties, slope and aspect which varied significantly (P <0.05). The Communities changed along altitudinal gradients as indicated by the high community coefficients of 0.52, 0.53 and 0.16 in between adjacent communities. Species diversity and richness were high in communities between 1250-1800 m. The high species diversity and richness is explained partly by the variations in the environmental factors, which are associated with the effect of altitude.
INTRODUCTION
The distribution, abundance and diversity patterns of species can result from the interaction between the abiotic and biotic factors at different spatial and temporal scales (Brown, 2001 ). Mountains exhibit great complexity in environmental conditions primarily due to changes in temperature, precipitation and air pressure associated with altitude (Palmer and van Staden, 1992) . In the tropics temperature is negatively correlated with altitude while precipitation maintains a nonlinearrelationship with increasing altitude below the cloud level (Walter, 1985) . The abundance and diversity of plant species is influenced by the interaction of these two complex gradients and a mid-altitudinal pattern of species diversity can be manifested (Brown and Lomolino, 1998; O'Brien, 1998) .
Natural vegetation may respond to gradients in many different ways (Curtis, 1959; Whittaker, 1967) . Temperature and moisture gradients along altitude, the nature of substrates, and topographic features such as aspect and their configuration can result in distinct or fuzzy units (Zerihun Woldu et al., 1989; Parker and Bendix, 1996) . Huston (1994) has shown that the nature of substrate ( e.g., texture) and availability of nutrients, which are mainly the result of geologic processes, influence the pattern of plant communities and diversity. Parker and Bendix (1996) have also pointed out that these features can influence the distribution pattern of individual plants or communities indirectly by regulating microclimatic and hydrological processes in the site. Distinct patches in natural vegetation may be produced through a variety of m echanisms such as anthropogenic influences including the effect of grazing, selective felling, and clearing of the vegetation for cultivation (Forman and Gordon, 1986) . Patches may simply interlace and may not show distinct boundaries in areas where there are gradual environmental changes.
Zonal patterns of plant communities are common occurrences in Ethiopia and elsewhere in East African Mountains (Beals, 1969 ; Zerihun Woldu et al., 1989; Friis, 1992 ; Tamrat Bekele, 1994; Kebrom Tekle et al., 1997; Weshe, 1999) . There is little published work on the south and southwestern part of Ethiopia which could provide Desalegn Wana and Zerihun Woldu 110 information for comparative analyses. The purpose of this study is to investigate the transition of plant communities along altitudinal gradient and t he relationships between vegetation and environmental factors on the western escarpment of the Rift Valley in the southern part of Ethiopia and make comparisons of the results with those observed in other parts of the country.
MATERIALS AND METHODS

The study area
This study was conducted on the western escarpment of the southern part of the Rift Valley in Ethiopia, between 6°05´N to 6°12´N and 37°33´E to 37°45´E (Fig. 1) . Altitude ranges from 1180 m to 2250 m. The topography is rugged and ranges from steep slopes on the escarpment of the Rift Valley to nearly flat surface around the shores of L. Abaya. The geology of the lower part of the study area is of recent quaternary volcanic rocks (Mohr, 1971) . Volcanic tuffs and effusive basic rocks on the surface are common in the lower course of Hare River (Vukasinovic, 1969) . Basalts form the greater part of the trap series and more silicic lavas occur lying above the basalt on the highlands of Chencha (Mohr, 1971) . The soils are derived from alluvial and lacustrine deposits of different origins (Vukasinovic, 1969; Mohr, 1971 ; FAO, 1984) along the Rift Valley and Lake Abaya. Vitric and Mollic Andosols are dominant around Lake Abaya while groups of Nitosols, Cambisols and Vertisols are found along the escarpment and highlands of Chencha (FAO, 1984) .
The study area receives bimodal rainfall (Anon, 1988) . The two wet seasons are interrupted by two dry seasons in the area. The total annual rainfall recorded around Arbaminch is 800 mm at 1200 m. and the mean annual temperature is above 26°C. The mean annual rainfall and temperature of Chencha at the top end of the gradient (2700 m.a.s.l) are 1520 mm and 15.7°C, respectively. The vegetation of the area lies within the SomaliaMasai regional centre of endemism as described by White (1983) . 
Vegetation sampling
Vegetation data were collected in relevés placed in belt transects on the mountain slopes following the altitudinal gradient. A total of 50 relevés were sampled. Relevés were placed in the two transects which ran for about 30 km from 1180 m to 2250 m representing a 25 m vertical distance (ascent) between each relevés. Forty eight relevés of 20 m x 20 m were laid on the slopes and while 2 relevés of 40 m x 40 m were placed in the forest at the lakeshore. The percent cover values were visually estimated in the field and later converted into 1-9 modified Braun Blanquet scale (van der Maarel, 1979) . Plant specimens encountered in the relevés were collected a nd brought to the National Herbarium of Addis Ababa University for verification and identification. Data collection was conducted between Nov. and Dec. 2001, which was the period marking the end of the big rainy season in the area (Daniel Gamachu, 1977) .
Environmental data
Slope of each relevé was measured using a Clinometer. Aspect was codified following Zerihun Woldu et al. (1989) . Soil samples were collected from each corner and centre of the relevés at 0-30 cm depth. These were mixed to make a composite sample for each relevé. The soil samples were analyzed for texture, pH, CEC, Total N, Available P, Percent Organic Matter, in the Ethiopian Agricultural Research Organization (EARO ) soil laboratory at Debre Zeit following standard methods (Jou, 1978) .
Vegetation classification and definition of communities
The Program Package SYNTAX 2000 for windows (Podani, 2000) was used to obtain hierarchical clustering of the data matrix using group average linkage with similarity ratio and correlation coefficient as resemblance indices for the relevés and for the species, respectively. Communities were recognized based on groups of relevés and the associated groups of species. Relevés with similarity level of 0.75 were grouped into the same community (Fig. 2) . Principal Component Analysis (PCA) was then used to depict the relationship among communities along the altitudinal gradients (Fig. 3) .
Statistical analysis
The environmental variables of the communities were tested for variation between the means using one-way analysis of variance ( ANOVA). Species richness and diversity were measured using Shannon and Wiener (1949) diversity index. Jacquard's coefficient of similarity was used to test for turn over of species composition among successive communities. 
5.
Erythrina brucii-Pittosporum abyssinicum community: This community was found between 1800 m and 2250 m. The dominant species in the tree-shrub layer were Erythrina brucii, Pittosporum abyssinicum, Bersama abyssinica and Maesa lanceolata. However, species such as Galineria saxifraga, Hagenia abyssinica and Hypericum quartinianum were also abundant in the tree-shrub layer. Rubus stuedneri, a woody scrambler occupied the area between the tree-shrub species. The dominant species in the herb layer were Acanthus eminens and Acanthus pubescens. Moist sites were occupied by Arundinaria alpina. Grass species were not common in this community. Hagenia abyssinica and Arundinaria alpina make part of A synoptic description of the five community types with families, growth forms, life forms and mean species percent cover is given in Table 1 . 
Altitudinal gradient of communities and diversity
The distribution of plant communities on the mountain slope of the study area clearly signifies the influence of altitude and the associated environmental factors. Even though communities were identified on the basis of dominant species, the species composition and diversity changed gradually along the altitude. This is indicated by the high Jaccard's coefficient of similarity among communities, eg. community 3 shared high number of species with communities 2, 4 and 5. On the other hand, communities 3 and 1 shared only a few species. Community 1 had the lowest similarity with all other communities apparently because of its location at the lakeshore (Table 2) where the terrain is flat and the OM composition of the soil is high (Table 5) . There was abrupt transition between communities 1 and 2 with only 4% of species occurring between them ( Table 3 ). The transition between community 2 and community 3 was not as abrupt as between communities 1 and 2 with 53% of species being common to both communities. Communities 3 and 4 also had 52% of the species in common. The share of species between community 4 and 5 was only 36 %. The pattern observed in this study indicated that community composition turnover was gradual as exhibited by high similarity coefficients among altitudinal ranges (Table 3) . Even though continuity of vegetation composition was widely observed in the study area, there was discontinuity of vegetation composition between communities 1 and 2 at an altitude of 1250 m and between communities 4 and 5 at an altitude of 1800 m. The difference in the nature of the substrate could be important in causing breaks in community transitions at 1250 m. The geology on the highlands of Chencha is mainly composed of tertiary basalt while that of the Rift Valley floor is recent volcanic and tuffs of the quaternary (Vukasinovic, 1969; Mohr, 1971) . In this connection, Beals (1969) had observed the effect of substrate discontinuity on the community patterns along the escarpment of the Rift Valley in Bati, Wello. The relative abruptness in the transition of communities at 1800 m could be attributed to the disturbances accounted by the activities of exotic tree plantations.
The diversity of species also showed gradual change among communities as altitude increases (Table 4) . Community 3 had the highest species richness while community 5 exhibited the least species richness. The species richness showed bellshaped pattern along altitudinal gradients, with the peak at the intermediate elevation and declining pattern at the lower and upper altitudes. On the other hand, communities 1 and 2 had more even representation of the species followed by communities 4 and 5. Community 3 had high richness and lowest evenness. Community 4 and community 2 had the highest species diversity (3.89 and 3.82) followed by community 3 and 1. Community 5 had the lowest species diversity and richness than others (Table 4 ).
The r elationship between communities and environmental variables
The test for variance of soil physical and chemical properties shown in Table 5 reveals that the differentiation of communities can be partly explained by the variations of soil texture and chemical properties at 5 % probability, except cation exchange capacity, which was not significant (Table 5 ).
The mean values for soil particle size distribution were highly variable. The proportion of sand can be related to the degree of steepness since it was highest in community 2 and lowest in community 1 ( Table 5 ). The proportion of clay particle size was highest in community 4 while it was lowest in community 2. The test for significance of variation of s oils physical properties exhibited that soil particle size distribution appears to explain some variation among communities. The mean pH values in the five communities ranged between 5.83 and 7.4. Communities 5, 4 and 3 were found in slightly acidic soils while communities 2 and 1 were found in neutral to slightly basic soils at lower elevations. Similar result was reported by Beals (1969) regarding the increase of soil acidity with altitude.
Organic matter content and total nitrogen also varied among communities with out significant interaction between themselves. The communities could be arranged in decreasing order of: (i) soil organic matter as 1, 5, 3, 4 and 2 (ii) while total nitrogen as 2, 5, 4, 3 and 1. The communities can be arranged in decreasing order of available phosphorous (Ppm) as 1, 5, 2, 4, and 3 indicating a significant positive correlation with soil organic matter content (P=0.037). The highest organic matter content (5.52%) in community 1 at lower elevation (1180-1250 m) appears to be the effect of poor drainage (Haynes, 1986 ) along the lakeside.
Community 5 had low diversity and richness apparently due to the higher total nitrogen and available Phosphorous content of the soil apart from the obvious effect of temperature decline with increasing altitude. This agrees with the generally held view that highly nutrient rich soils would tend to support low species diversity (Hall and Swaine, 1976; Huston, 1994) . The overall pattern of the vegetation on the Arbaminch-Chencha mountain slope owes partly to the relatively low disturbance as a result of reduced population of the livestock which is checked by the occurrence of trypanosomiasis. The current effort to eradicate the tsetse flies and hence the disease could in due course affect the composition of the vegetation. It is therefore necessary to consider the possible scenario of tsetse eradication in conserving the environment in the area.
CONCLUSION
The distribution, abundance and diversity of species along altitudinal gradient on the slopes of Arbaminch-Chencha highlands are influenced by the variation of environmental factors across the landscape. The variability in topographic and edaphic conditions along slopes have resulted in spatial variations in environmental factors and influence the vegetation attributes such a s composition, distribution and diversity of species. Aspect and soil physical and chemical properties appear to be the most highly influential factors on the distribution and diversity of species along the altitude. The study showed that the distribution of community types, species composition and diversity are better understood through investigation of environmental factors along altitudinal gradients on mountain slopes.
